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ABSTRACT 
  
The impact of climate on physical and natural systems, at a period of increasing population and high 
environmental pollution, render freshwater resources particularly vulnerable to climate change.  The aim of 
this paper is to find out the effect of climate change on freshwater resource availability or supply for domestic, 
commercial, industrial and agricultural use in Ghana. Instead of the General Circulation Models (GCMs) to 
assess the impact of climate on freshwater resource availability, we use an alternative approach of statistical 
method based on correlations of historical climatic variables, time series rainfall, temperature, as well as 
carbon emissions effect; compared with population and water withdrawal. For a better presentation of the 
analysis, we combine the transitional and the middle belt into one zone and use 3 instead of 4 climatic zones 
to compare population growth and water withdrawal in Ghana.  The results of linear hydrologic model results 
presented in our work predict moderate effect of climate change for the middle belt (forest zone) but a high 
impact on water availability for the northern and the coastal zones as freshwater faces reduction in the country. 
However, these coefficients of linear regressions are contemporaneously deflated by our benchmark fifth-
order polynomial model but does not affect the statistical significance of the results 
 
Keywords: Climate Change, Hydrologic Model, Freshwater, Alternative Approach, General Circulation 
Model 
 
 
 
INTRODUCTION 
 
Climate change has impacted on regions differently 
on both physical and natural systems. Literature 
provide evidence and consensus that climate change 
is largely human induced (Bogner, J., et al. 2008) 
from IPCC Fourth Assessment Report.  According to 
Satterthwaite, D. et al. (2007), the impact of climate 
on water in the wake of increasing population, high 
environmental pollution, absence of natural systems 
etc. render their residents and physical systems 
particularly vulnerable to climate change.  The 
impact of climate change in Ghana is greatly felt on 
these natural systems such as freshwater differently. 
The inter-governmental panel on climate change 
(IPCC),  Fourth Assessment Report estimates that 
there has been an average increase in global 
temperature of 0.6 degrees Celsius over the past 
century; leading to atmospheric temperature being 
high in the past 25 years with eleven out of the 
twelve warmest years occurring between 1995 and  
 
 
 
 
 
2006 (Change, C., 2007: The physical science basis).  
The variability of the impact of the climate change,   
according to the report (Change, I.P.O.C., Climate 
change 2007) render some periods and areas 
experience extreme rainfall-induced flooding; other 
areas experience drought; typical of the 
Mediterranean experience in which a decrease in 
rainfall leads to drought conditions. This variability 
of climate change scenario could occur within a 
wider region or a country and impact on systems.  
The report further show that global mean 
temperatures are expected to increase between 1.4 
and 5.8 °C by the end of 21st century with a 
corresponding decrease and variability in 
precipitation, drought in many places, rise in sea 
level as glaciers melt.  How specifically do changes 
in climatic conditions affect water availability in 
Ghana and what are the implications?  Analyzing 
regional aspects of climate change effect on water 
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resources, Dai A. et al., (2004) conduct studies on the 
Sahel drought and indicate that rainfall is key 
variable that is possible indicator of future water 
stress.  Persistent and seasonal water shortages exist 
across many climatic zones and cities in Ghana as it 
does in some other parts of the world (e.g. Delhi 
(India), Durban (South Africa), Mombasa (Kenya)) 
{Roberts, D. 2008 and Awuor, C.B. et al. 2008}. 
Seasonal water shortage is a common phenomenon in 
Ghana, changing from time to time.  As precipitation 
becomes more scarce and variable, demand for water 
rises because of high population growth, water 
scarcity will become an even more salient issue.  
Ghana is beginning to experience the consequences 
associated with climate change such as reduced 
rainfall, high temperature, and prolonged drought 
characteristic of the sub Saharan Africa (Asante and 
Amuakwa-Mensah, 2014).  A report deduced from 
World Bank dataset (World Bank Group, 2017) 
further indicates that in 2014 the annual freshwater 
withdrawal percentage of internal renewable resource 
in Ghana increased from 0.3 in 1972 to 0.98 (.   
According to dataset report from Ghana 
Meteorological Agency (GMA), shown graphically 
below (figure 1), since the year 2007, the annual 
rainfall in Ghana has been decreasing by up to 10% 
in 2016.  
 
 
Figure 1:  Ghana Rainfall pattern 2007-2016 
 
Figure 2:  Ghana Rainfall Projection Pattern 2007-2030 
 
From figure 2 above, a projection from 2007 to 2030 
indicate a decreasing pattern of rainfall based on the 
same dataset used for figure 1 from the GMA.  
According to Rosenzweig et al., 2007, cited by 
Kundzewicz et al. (2008), some climate change 
impacts on hydrological processes have been 
observed already and further changes are projected 
but they vary between regions and seasons.  The 
decrease in precipitation, in the opinion of water 
experts (GWP, 2000) and Oyebande et al., (2002), 
lead to consequent reduction in water availability. 
This has been combined with greater uncertainty in 
the spatial and temporal distribution of rainfall and 
surface water resources (Oyebande, L., et al. 2002 
and Niasse M. et al. 2004).  According to Oki and 
Kanae (2006), climate system puts an upper limit on 
the circulation rate of available renewable freshwater 
resources (RFWR).   Although current withdrawals 
are well below the upper limit, Ghana’s renewable 
freshwater resources is threatened just like the global 
phenomenon; where more than two billion people 
live in highly water-stressed areas because of the 
uneven distribution of RFWR in time and space. It is 
against this background, that the overall impact of 
climate change on water availability remains worth 
investigating in Ghana.  
  
Profile of the Study Area 
 
Ghana is a West African country located on the Gulf 
of Guinea, and bounded by Côte 
D'Ivoire to the west, Burkina Faso to the north, and 
Togo to the east. The Volta is its largest river with 
water bodies covering almost one third of the total 
land area of 238,537 km2 (92,100 square miles) 
stretching 672 km north to south and 357 km east to 
west. Out of a total area of 23 million hectares, 13 
million hectares (57 percent) of land is suitable for 
agriculture of which 5.3 million hectares (39 percent) 
is under cultivation. Ghana’s population is estimated 
at about 26.9 million and is growing at an annual rate 
of 1.9 percent with a fertility rate of 4.4. The country 
can be divided into four broad geographical zones 
based on climate and vegetation – the coastal belt, 
the forest zone, the transitional belt and the northern 
savannah zone. Ghana has a tropical climate with 
average temperatures ranging between 21°C and 
32°C (70-90°F). The forest, transitional zones and 
parts of the coastal zones have bimodal rainy seasons, 
from March to July and from September to October, 
separated by a short cool dry season in August and a 
relatively long dry season from mid-October to 
March. The northern savannah and the coastal plains 
of Accra, however, are relatively dry with a Sahel 
climate characterized by two distinct seasons: a 
prolonged dry season from November to March, 
accompanied by severe water shortages; and a wet 
season from April to September. Annual rainfall in 
the south forest zones averages 2,030 mm, but this 
varies greatly throughout the country, with the 
heaviest rainfall in the south-west. In terms of 
vegetation, the northern zone is predominantly 
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savannah, the transitional forest belts (extending to 
the south-west) is typical rainforest. 
 
Related Studies 
Generally, empirical literature is inundated with 
many different studies that have attempted to 
examine the vulnerability of heterogeneous sources 
of water to climate change under different conditions 
and in different context. Related works such as 
Kaczmarek et al., 1995; Vörösmarty et al., 2000; Zhu 
& Ringler, 2012; and Barnett et al. 2005.  
Kundzewicz et al. (2008), cited Chiew, (2007) in a 
review on the implications of projected climate 
change for freshwater resources and their 
management; indicated that changes in the 
distribution of river flows and groundwater recharge 
over space and time are determined by changes in 
temperature, evaporation and, crucially, precipitation. 
In the work of Barnett et al. (2005), the authors 
explored the potential impacts of a warming climate 
on water availability in snow-dominated regions. The 
study occurred at the back of the preponderance of 
climate models predicting a near-surface warming 
trend under the influence of rising levels of 
greenhouse gases in the atmosphere.  The work of 
Barnett et al. (2005) was also necessary in the light 
of emerging evidence that in addition to the direct 
effects on climate (for example, on the frequency of 
heatwaves) led to increase in surface temperatures 
which had  important consequences for the 
hydrological cycle, particularly in regions where 
water supply is currently dominated by melting snow 
or ice.  Barnett et al (2005) observed that even 
without any changes in precipitation intensity, both 
of these effects lead to a shift in peak river runoff to 
winter and early spring, away from summer and 
autumn when demand is highest. In that regard, they 
contend that where storage capacities are not 
sufficient, much of the winter runoff will 
immediately be lost to the oceans. They further 
posited that since more than one-sixth of the Earth's 
population relies on glaciers and seasonal snow 
packs for their water supply, the consequences of 
these hydrological changes for future water 
availability are likely to be severe. According to Zhu, 
T., & Ringler, C. (2012), climate change impacts on 
water availability and use.  Though their study was 
conducted under different conditions in different 
regions (Botswana, South Africa, Mozambique and 
Zimbabwe), using different approach, the purpose 
and significance of their study can be related to this 
study.  Another related study of the impact of climate 
on water availability by Kaczmarek et al., 1995 
affirm the impact of climate change on water 
availability. 
The global water resources vulnerability from 
climate change and population growth was the 
subject of investigations by Vörösmarty et al. (2000).  
The authors contend that the future adequacy of 
freshwater resources is difficult to assess, owing to a 
complex and rapidly changing geography of water 
supply and use. The authors draw on a 
comprehensive model that assembles evidence from 
numerical experiments combining climate model 
outputs, water budgets, and socioeconomic 
information along digitized river networks to draw 
their conclusions. They argued that a large proportion 
of the world's population is currently experiencing 
water stress and rising water demands greatly 
outweigh greenhouse warming in defining the state 
of global water systems to 2025. Consideration of 
direct human impacts on global water supply remains 
a poorly articulated but potentially important facet of 
the larger global change question. Another classic 
study in this respect is provided by Zbigniew and 
Doll (2008)  who sought to answer the question as to 
whether groundwater ease freshwater stress under 
climate change. In the opinion of Zbigniew and Doll 
(2008) groundwater remains the source of about one 
third of global water withdrawals and provides 
drinking water for a large portion of the global 
population. They further contend that in many 
regions freshwater is subject to stress with respect to 
both quantity and quality. Hence, it is of utmost 
importance to improve knowledge about the impacts 
of climate change on groundwater. Based on an 
exhaustive review of the current literature and 
empirical works, Zbigniew and Doll (2008)  noted 
that climate change will affect groundwater recharge, 
i.e. long-term average renewable groundwater 
resources, via increases in mean temperature, 
precipitation variability and sea level, as well as via 
changes in mean precipitation (increasing in some 
areas and decreasing in others). Over many areas 
groundwater recharge is projected to increase in the 
warming world (though less than river runoff), but 
many semi-arid areas that suffer from water stress 
already may face decreased groundwater recharge. 
The sea level rise that is likely to occur during the 
21st century might leave many flat coral islands 
without a reliable groundwater source. However, in 
coastal areas with a land surface elevation of a few 
meres or more, groundwater availability is more 
strongly impacted by changes in groundwater 
recharge than sea-level rise. Under climate change, 
reliable surface water supply is likely to decrease due 
to increased temporal variations of river flow that are 
caused by increased precipitation variability and 
decreased snow/ice storage. Under these 
circumstances, it might be beneficial to take 
Volume 7 | Issue 5 | July-December-2017 [(7)5: 236-245] | http://onlinejournal.org.uk/index.php/AJEMS  
advantage of the storage capacity of groundwater and 
increase groundwater withdrawals. However, this 
option is only sustainable where groundwater 
withdrawals remain well below groundwater 
recharge. Groundwater is not likely to ease 
freshwater stress in those areas where climate change 
is projected to decrease groundwater recharge (e.g. 
Northeast Brazil and the Mediterranean basin). Doll 
et al (2014)  examined the process of integrating 
risks of climate change into water management 
where they sought to answer the question on the  
impact climate change will have on rural 
groundwater supplies in Africa.  They observed that 
one of the key uncertainties surrounding the impacts 
of climate change in Africa is the effect on the 
sustainability of rural water supplies. Many of these 
water supplies abstract from shallow groundwater 
(<50 m) and are the sole source of safe drinking 
water for rural populations.  Analysis of existing 
rainfall and recharge studies suggests that climate 
change is unlikely to lead to widespread catastrophic 
failure of improved rural groundwater supplies. 
These require only 10 mm of recharge annually per 
year to support a hand pump, which should still be 
achievable for much of the continent, although up to 
90 million people may be affected in marginal 
groundwater recharge areas (200–500 mm annual 
rainfall). Lessons learnt from groundwater source 
behavior during recent droughts, substantiated by 
groundwater modelling, indicate that increased 
demand on dispersed water points, as shallow 
unimproved sources progressively fail, poses a much 
greater risk of individual source failure than regional 
resource depletion. Low yielding sources in poor 
aquifers are most at risk. Predicted increased rainfall 
intensity may also increase the risk of contamination 
of very shallow groundwater.  Equally important and 
related to freshwater availability is the quality 
impacted by climate change.  Wilby et al. (2009) 
reviewed the potential impacts of climate change on 
surface water quality. They noted that some human-
induced climate change is unavoidable. Potential 
impacts on water supply have received much 
attention, but relatively little is known about the 
concomitant changes in water quality. The authors 
also noted that projected changes in air temperature 
and rainfall could affect river flows and, hence, the 
mobility and dilution of contaminants. Increased 
water temperatures will affect chemical reaction 
kinetics and, combined with deteriorations in quality, 
freshwater ecological status. Lower flows, reduced 
velocities and, hence, higher water residence times in 
rivers and lakes will enhance the potential for toxic 
alga blooms and reduce dissolved oxygen levels. 
Upland streams could experience increased dissolved 
organic carbon and color levels, requiring action at 
water treatment plants to prevent toxic by-products 
entering public water supplies. Storms that terminate 
drought periods will flush nutrients from urban and 
rural areas or generate acid pulses in acidified upland 
catchments.  
 
Materials and Methods 
Data Source 
There are several known factors that are used in 
determining the changes in climatic conditions. 
Researchers hardly agree on which of the parameters 
best answer the question of determinants of water 
availability and spread across research on all fronts. 
We simplify our measure of climate change by 
considering three related ones to water availability 
namely; temperature, carbon emissions and rainfall. 
Despite the importance of evapotranspiration as a 
parameter, absence of data made it impossible to 
include. This is acknowledged as a limitation of the 
study. Water usage (withdrawal) for domestic, 
industrial, commercial and agricultural use were 
obtained from the World Bank Group, (2017) and 
validated through the Ghana Statistical Service as 
well as the Water Resources Commission and the 
Ghana Water Company Ltd. Additional validation 
was obtained from development organizations such 
as USAID, DFID etc.  Data regarding the 
temperature, rainfall and carbon emissions were 
obtained from the Hydrological services department, 
the Ghana Meteorological Agency and the 
Department of Geography of the University of Ghana.  
 
Analytical Model 
The extant literature presents several models for 
evaluating the effect of climate change on rainfall 
variability and water resource vulnerability. The 
choice of a model for a particular case study depends 
on many factors (Gleick, 1986), while the study 
purpose, model and data availability have been the 
dominant ones (Ng and Marsalek, 1992; Xu, 1999). 
For example, for assessing water resources 
management on a regional scale, Chong-Yu Xu 
(1999) suggest monthly rainfall-runoff (water 
balance.   Models are found useful for identifying 
hydrologic consequences of changes in temperature, 
precipitation, and other climatic variables (e.g., 
Gleick, 1986; Schaake and Liu, 1989; Mimikou et al., 
1991; Arnell, 1992; Xu and Halldin, 1997; Xu and 
Singh, 1998).  A common theme in these models is 
the need for lots of data especially for 
parameterisation but precise data is often non-
existent hence the estimated or averaged data is used, 
which then limits the ability to set the parameters for 
a specific location accurately.  Precipitation, in 
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particular, greatly influences the amount of water 
flowing through the water cycle and, consequently, 
water availability. In general, the higher the 
precipitation, the more water is available. Low 
precipitation and droughts generally reduce water 
supply. Temperature also influences water 
availability. The higher the temperature, the greater 
the amount of water that is lost from the Earth’s 
surface and returned to the atmosphere through 
evaporation and transpiration, collectively known as 
evapotranspiration.  
Moreover there are conflicting outcomes on the 
precise variable or set of variables that are adequate 
to represent climate change and water supply. For 
example, climate change is a very uncertain area 
because the nature and quantity of changes are hard 
to be definite about, hence the reason for different 
scenarios being used. Therefore, it is important to 
have a good model of the variables of interest on 
which the impacts of climate change can be observed 
with ease. Many uncertainties in the extant models 
combined with the uncertainties of climate change 
projections lead to even more uncertainties in the 
output and can reduce the usefulness and accuracy of 
the results.  
Faherty et al (2007) consider that simpler models 
may be better as they can produce best and worst 
scenarios with less processing and analysing time. 
We therefore adopted but modified Bloomfield et 
al.’s (2003) successful statistical method to 
investigate the potential impacts of climate change 
on minimum water supply levels. Bloomfield et al.’s 
(2003) method relies on a purely statistical multiple 
regression technique. According to Bloomfield et al 
(2003), the advantages of the method are that it is 
flexible and non site specific and it is not processed 
based, so does not have the uncertainties associated 
with lack of physical understanding. Thus our 
multiple linear regression model is consistent with 
that developed by Bloomfield et al (2003) and was 
used in this investigation is as follows: 
Zmin=B1RJan0+B2RFeb0+B3RMar0+B4RApr+………..+B15
RMar + c 
 
Where:  Zmin = minimum water levels in the 
hydrometric year (mOD) 
RApr ………..RMar  = monthly rainfalls 
through the hydrometric year (mm) 
RJan0, RFeb0,RMar0 = monthly rainfalls in the 
last three months of the proceeding      
hydrometric year (mm) 
B1 to B15 = the fifteen regression coefficients 
c = multiple regression intercept constant 
To account for possible inflations, we benchmark 
our results with a 5
th
 order polynomial model in 
response to the growing demand for non-linear 
models in this area of research. Our fifth order 
polynomial function thus assumed Zmin= 
B1RJan0
5
+B2RFeb0
5
+B3RMar0
5
+B4RApr
5
 
+………..+B15RMar
5
 + c 
The hydrometric year is the 12 month period of 
January through to December. This is used as it 
allows for the minimum water levels which are 
expected to occur during the dry season. Multiple 
regressions is a statistical technique. It is the process 
of finding the relationship between an independent 
variable and a dependent variable (Mansfield, 1994). 
Simple regression includes only one independent 
variable but multiple regressions contain two or more 
independent variables. Mansfield (1994) identified 
two reasons for using multiple regressions over 
simple regression as being able to predict the 
dependent variable more accurately if more than one 
independent variable is used. In essence if the 
dependent variable depends on more than one 
independent variable, a simple regression of the 
dependent variable on a single independent variable 
may result in a biased estimate of the effect of this 
variable on the dependent variable” (Mansfield 
1994). Multiple regressions are needed for water 
supply levels as more than one month of rainfall (the 
independent variable) contributes to the minimum 
water level. The regression coefficients were 
calculated by finding the value that minimises the 
sum of the squared difference in rainfall from the 
groundwater value predicted by the equation 
(Mansfield 1994). The ‘c’ term is a constant and is an 
error term which is usually assumed to be zero 
(Mansfield 1994). The multiple regression models 
used fifteen predictors, so Bloomfield et al (2003) 
recommend that a minimum of sixteen to twenty 
years of rainfall data and groundwater data are used 
to reduce errors. In order to check the linearity 
assumption, the researcher used a scatter-plot of the 
standardized predicted value and the standardized 
error. The scatter-plot does not indicate any curve 
line therefore it could be concluded that there is no 
violation for the linearity assumption. Using a 
scatter-plot of standardized predicted value and the 
standardized error indicates that there is a dispersed 
random array of dots. Therefore, it could be 
concluded that there is no chance for violating the 
homoscedasticity assumption. 
To examine whether the residuals are uncorrelated or 
not, the Durbin-Watson test is employed.  The test 
statistic can vary between 4 and 0 and the value 2 
indicates that the residuals are not correlated. 
Therefore, a test value which is greater than 3 and 
less than 0 is considered as a cause of concern. The 
Durbin-Watson value is 1.935 which indicates that 
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the residuals are uncorrelated. Many measures can be 
used to detect multicolinearity between independent 
variables. The researcher will use correlation matrix 
of independents variables and Variance inflation 
factor (VIF) to identify any existence of 
multicolinearity. The correlation matrix and VIF 
indicate that multicolinearity will not be a problem. 
As rule of thumb multicolinearity may be appear 
when the correlation between independent variables 
is high, for instance, 0.8 or above (Field 2002). 
Regarding variance inflation factor (VIF), as rule of 
thumb, VIF should be less than 10 (Kvanli et al. 1996) 
and this was not violated. 
 
RESULTS 
 
 
Table 1: Results of three Climate Change Metrics 
 
Table 1 show the results of three climate change 
metrics and their corresponding effect on water 
supply for domestic, commercial and industrial 
purposes in the three northern regions of Ghana.  All 
the three measures of climate change have a major 
impact on three water supply or demand purposes. 
Indeed the northern part of the country will 
experience the most impact on the water supply 
management system. The coefficients of regression 
under the three scenarios ranked highest in predicted 
reduction in mean annual water production of the 
three purposes. Under these scenarios, the system, in 
the absence of operational and/or structural changes, 
would experience water supply shortages in the event 
that a moderate occurred in the future.  Also the 
analysis implies that in cases of drought if mandatory 
and emergency water use restrictions are in place and 
most system reservoirs become empty or close to 
empty, underground water which is a major source of 
alternative water for the above mentioned purposes 
will also decline in volume leading to minimum 
storage during a moderate drought. On the other 
hand, these regions do will not easily adjust to 
reverse hydrologic changes that impacts on increased 
water flow. 
 
 
 
Table 2: The effect of climate change variables on the water supply 
 
On the other hand, the effect of climate change 
variables on the water supply in the southern belt that 
includes parts of the Volta Region, Eastern Region, 
Western Region, Central Region and the whole of the 
Greater Accra Region will be moderate but not 
minimal. Under the three climate change scenarios 
these regions experiences more frequent and stricter 
water use restrictions but no water supply shortages 
during a moderate drought as a results of temperature 
changes, rainfall decline or carbon emissions. Table 
2 gives performance metrics for the “moderate 
impact” scenarios: for all the three parameters and 
shows that the regression coefficients are lower than 
those in the northern sector but higher than those in 
the middle belt. Despite the fact that this part of the 
country has the largest amount of water resources in 
the country, the inability to make use of wastewater, 
the salty seawater and other water bodies is a major 
threat to recovery in the case of drought crisis. 
 
 
Table 3: Impact of Climate Change 
 
Based on information in table 3, it is possible to say 
that while impact of climate change is a threat to 
water supply in Ghana as a whole, the middle belt of 
the country which includes the Ashanti Region and 
the Brong Ahafo region, parts of the Volta and 
Western regions will experience moderate effect. 
Again the three climate change scenarios have little 
impact on the water supply system during a moderate 
drought as results of climate change variation on the 
system.  It is observed that the system performance 
deteriorates to some degree under increased carbon 
emissions scenarios but the change in rainfall pattern 
is less impactful in this region than in other regions. 
While some water supply shortfalls will occur under 
mandatory or emergency water use restrictions, the 
rate of underground water dry up will be minimal; 
giving enough supply in the short run. 
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Historic climate and hydrological records are usually 
used as a solid basis for quantifying relationships 
between climate changes and the amount of water 
available rivers and aquifers.  However, McDonald et 
al. (2011) suggest that population causes an 
additional increase in water shortage on top of 
climatic change effects. Population growth and 
climate change together pose a significant challenge 
for urban water management.   
To estimate the future projections and trend of water 
availability based on the hydrological model, a triple 
exponential smoothing with multiplicative 
seasonality is constructed using the formula: 
      
    
  
    
+ (1-  ) (    +    ) 
             + (1-   )      
    
  
  
+ (1-  )      
                               
Where α is the data smoothing factor, 0 < α < 1, β is 
the trend smoothing factor, 0 < β < 1, and γ is the 
seasonal change smoothing factor, 0 < γ < 1. The 
general formula for the initial trend estimate b0 is: 
   
 
 
       
 
 
       
 
  
The variables of interest in this estimation are the 
effect of rainfall and population growth which have 
been established to be important factors in water 
resource availability.  
The hydrology modeled results indicate that 
population growth in most urban centers may 
negatively affect water availability as water for 
domestic, commercial and industrial demand and 
usage will increase whiles the resource dwindles.  
The future water availability outlook is presented in 
table 4 below as follows: 
 
 
 
Table 4:  Population impact on water availability 
 
An interesting trend is observed in table 4 regarding 
the effect of rainfall and population growth on water 
availability in Ghana. Firstly the intercept of 
regression suggest a gradual decline in water 
availability spanning from 4 quartiles of 5 years each. 
This indicates that even without the effect of rainfall 
and population growth water availability is still at 
risk due to other extraneous factors. The combined 
effect of rainfall and population growth even shows 
more damaging consequences. For example there is 
an exponential rippling decline in water availability 
from the first five years to the last five years of a 
twenty year period. This is an indication of the fact 
that if the rate of population continues, water 
availability will become worse after every five years 
for at least the next twenty years if there is no 
intervention. The effect of rainfall further accentuates 
this challenge. While future per unit increase in 
rainfall has the potential to add to water availability, 
it will in the long run experience an exponential and 
logistic rate of decay over the period and this will 
compound the existing problem of water availability. 
 
 
 
Conclusions 
Our study attempts to investigate the effect of climate 
change on the water availability and demand for 
commercial, industrial and the domestic uses. 
Giacomoni and Zechman, (2011)  suggest that there 
is a potential crisis where the availability and quality 
of water resources are threatened by processes 
including increasing water consumption caused by 
population growth and hydrologic alterations due to 
land use change and climate change. We note that 
climate change may have a significant impact on 
current Ghana’s supplies but the severity is not the 
same across the country in the short run. In the 
absence of other confounding factors such as 
precipitation that have the potential to increase or 
decrease water availability in the country, study 
results indicate that higher temperatures, higher 
carbon emissions and rainfall variations may raise 
rates of evapotranspiration to a significant degree at 
this is statistically significant using our adopted 
linear regression model and the benchmarked fifth-
order polynomial function. Three observations were 
made in that regard. Firstly we noted that the middle 
belt of the country will experience minor impact. The 
three scenarios indicate that climate change will have 
a relatively minor impact on the system in this region 
during a moderate drought, with water demands 
being met without mandatory water use restrictions 
and no immediate severe depletion of system 
reservoir levels. The case of the southern part of the 
country reflects a water system that will be 
moderately impacted. Under the three scenarios, the 
regions will experience more frequent and stricter 
water use restrictions during a moderate drought 
caused by climate change, including mandatory 
restrictions, and significantly lower reservoir levels. 
However the case in the northern part of the country 
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is the worse. The results of the three scenarios 
indicate that, in the absence of operational or 
structural changes to the water supply system, a 
moderate drought caused by climate change would 
cause the imposition of mandatory and emergency 
water use restrictions and the near emptying of most 
system reservoirs. In addition, water supply shortfalls 
would occur on some days of the drought. Despite 
the above results, there is still a great deal of 
uncertainty associated with projections of future 
climate. There is no way to determine which of the 
known 18 climate scenarios used in various studies 
provides a closer approximation to actual conditions 
that will occur in the future hence the need to explore 
this in future studies. 
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